Methods | We performed a systematic search of MEDLINE for randomized trials of drugs for the 5 most common solid cancers (bladder, breast, colorectal, lung, and prostate) in 6 highprofile general medicine and oncology journals (selected based on impact factor, and listed in Table 1 ) from January 2012 through December 2017. We excluded trials of surgery, radiation, and supportive care. Nonrandomized studies and pooled analyses were also excluded.
Two reviewers independently assessed published articles, protocols, and supplementary materials for each trial to determine whether patients with CKD were excluded. Corresponding authors were contacted in cases of ambiguity regarding exclusions. Multivariable logistic regression was used to assess for trial characteristics associated with exclusion of CKD. Analyses were performed using SAS (SAS Institute), version 9.4. Two-sided P values less than .05 were considered statistically significant.
Results | A total of 1599 citations were obtained from the MEDLINE search, of which 1198 were excluded based on title and abstract screening, yielding 401 articles for detailed review. Of these, 310 articles met eligibility criteria and were included in this study.
Eighty-five percent of trials excluded patients with CKD ( Table 1) . Trials of endocrine-based therapies (vs other interventions) were less likely to exclude CKD patients. None of the other measured trial characteristics were associated with CKD exclusion.
Serum creatinine threshold values were the most common exclusion criteria (62%), followed by creatinine clearance (CrCl; 44%) ( Table 2) . Few trials used estimated glomerular filtration rate (eGFR) thresholds for exclusion (5%). Multiple exclusion criteria pertaining to kidney function were reported in 90 trials (34%). Among trials using CrCl or eGFR exclusion criteria, thresholds were usually above 45 mL/min, which reflects mild or mild to moderate CKD (in total, 39% of trials excluding CKD). Severe CKD thresholds (CrCl or eGFR <40 mL/min) were infrequently used as exclusion criteria (11%).
Discussion | Eighty-five percent of recent trials of therapies for the 5 most common malignancies (published in selected high-impact factor journals) excluded patients with CKD. This proportion exceeds that observed in cardiovascular trials published from 1985 through 2005 (56%). 3 This finding is concerning because it was estimated that 32% of deaths among patients with CKD in 2005-2009 were attributable to malignancy. 4 As a result of trial underrepresentation, patients with CKD may not be considered for cancer therapies that have potential to improve morbidity and mortality. Most trials used serum creatinine or CrCl thresholds to exclude patients, despite data demonstrating that these are suboptimal measures of kidney function in cancer patients. 5 Given the availability of more accurate and validated methods for estimating kidney function (eg, eGFR formulas), use of serum creatinine alone is inadequate. The exclusion of patients based on kidney function is appropriate when CKD is severe and prognosis-limiting or when concerns exist regarding potential nephrotoxicity or adverse events due to bioaccumulation of renally cleared drugs. However, this review suggests that patients with CKD with only mild to moderate kidney dysfunction are often excluded, and frequently from trials of interventions (eg, biologics or immunotherapies) for which there may be no pharmacologic basis for renal exclusions. 6 Limitations of this study include the restrictions to common cancers and to articles in high-impact factor journals, which may have led to exclusion of negative or smaller trials that included patients with CKD. Also, the number of potential patients with CKD that were excluded could not be determined, as none of the studies assessed reported these data.
The exclusion of patients with CKD should be based on appropriate measures of kidney function and justifiable clinical or pharmacokinetic rationale. Judicious broadening of eligibility criteria in cancer trials to include the growing population of patients with CKD may enable more patients to benefit from novel cancer therapies while balancing the potential risk
